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ABSTRACT
By analysing the data acquired from the Parkes 64-m radio telescope at 1369 MHz,
we report on the phase-stationary non-drift amplitude modulation observed in PSR
J1048−5832. The high-sensitivity observations revealed that the central and trailing
components of the pulse profile of this pulsar switch between a strong mode and a weak
mode periodically. However, the leading component remains unchanged. Polarization
properties of the strong and weak modes are investigated. Considering the similarity to
mode changing, we argue that the periodic amplitude modulation in PSR J1048−5832
is periodic mode changing. The fluctuation spectral analysis showed that the modu-
lation period is very short (∼2.1 s or 17P1), where P1 is the rotation period of the
pulsar. We find that this periodic amplitude modulation is hard to explain by existing
models that account for the periodic phenomena in pulsars like subpulse drifting.
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1 INTRODUCTION
For a given pulsar, even though the individual pulses vary
in shape, the mean pulse profile is highly stable with time.
However, some pulsars are observed to show emission vari-
ability over a wide range of time-scales. It is well known that
the Crab pulsar emits occasional high-intensity nanosec-
ond bursts that are called giant pulses (e.g. Hankins et al.
2003). High time resolution observations revealed structure
on timescales of a few microseconds in PSR J1136+1551
(Bartel 1978) which is known as microstructure. The phe-
nomenon of pulse nulling was observed in a lot of pulsars,
in which pulsed emission suddenly turns off for several pulse
periods and then just as suddenly turns on (Ritchings 1976;
Rankin 1986; Biggs 1992; Vivekanand 1995; Wang et al.
2007; Burke-Spolaor et al. 2012; Gajjar et al. 2012). Mode
changing is another kind of emission change where pulsars
switch between two or more emission states (e.g. Wang et al.
2007). The time-scale of mode changing and nulling ranges
from seconds to hours. Intermittent pulsars switch between
on and off emission states with cycles times of days or even
⋆ E-mail: yanwm@xao.ac.cn (WMY)
years (Kramer et al. 2006; Camilo et al. 2012; Lorimer et al.
2012; Lyne et al. 2017).
Although most of these emission changes are largely
considered to be random processes, some changes are re-
ported to show periodicities. Subpulse drifting is the best-
known periodic emission variation in which subpulses drift
in pulse phase or longitude across a sequence of single pulses
(e.g. Weltevrede et al. 2006). The subpulse drifting is a pe-
riodic pattern with a characteristic spacing of the subpulses
in pulse longitude (P2) and pulse number (P3). Periodic
nulling is another common periodic change. Observations
reveal that pulsar nulling is not always a stochastic pro-
cess (Redman & Rankin 2009). In some cases, the transi-
tions between the null and the burst states have shown peri-
odicities (Rankin & Wright 2007, 2008; Herfindal & Rankin
2007, 2009; Rankin et al. 2013; Basu et al. 2017). In recent
years, the periodic non-drift amplitude modulation, which
looks very similar to periodic nulling, has been reported in a
number of pulsars (Basu et al. 2016; Mitra & Rankin 2017;
Yan et al. 2019). It was reported that the periodic phase-
stationary amplitude fluctuation is associated with the pres-
ence of a core component in the pulse profile (Basu et al.
2016, 2019a).
PSR J1048−5832 (B1046−58) is a young (20.3 kyr) pul-
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sar, discovered during a 1.5 GHz Parkes survey of the Galac-
tic plane. It is located in the Carina region at low Galactic
latitude and has a spin period of 123.7 ms (Johnston et al.
1992). High-resolution X-ray observations by the Chandra
telescope revealed the existence of a faint asymmetric pul-
sar wind nebula (PWN) surrounding this pulsar. However,
no pulsed X-ray emission has been detected from the pul-
sar (Gonzalez et al. 2006). By analysing the EGRET data,
Kaspi et al. (2000) found possible γ-ray pulsations at E >
400 MeV and proposed that PSR J1048−5832 was the coun-
terpart of the unidentified γ-ray source 3EG J1048−5840.
More recently, γ-ray pulsations with a double-peaked pulse
profile (Abdo et al. 2009) were clearly detected from the
pulsar for the first time at E > 100 MeV by the Fermi
telescope. Radio observations show that the pulsar has a
complex profile and the profile varies significantly with fre-
quency (Karastergiou et al. 2005; Johnston et al. 2006). At
1.4 GHz, on average, the leading and central components of
the pulse profile exhibit a high degree of linear polarization
while the trailing component shows a very low fractional
linear polarization (Johnston & Kerr 2018).
In this paper, we present the results of single-pulse ob-
servations at 1.4 GHz for PSR J1048−5832 that were made
with the Parkes 64-m radio telescope. We aim to explore
previously unknown properties of the periodic mode chang-
ing in PSR J1048−5832. Details of the observations and data
processing are given in Section 2. Properties of the observed
periodic intensity modulations are presented in Section 3
and the implications of the results are discussed in Section 4.
We conclude the paper in Section 5.
2 OBSERVATIONS
The observational data used in our analyses were down-
loaded from the Parkes Pulsar Data Archive which is
publicly available online1 (Hobbs et al. 2011). The single-
pulse observations were made using the Parkes 64-m ra-
dio telescope on 2016 April 26 with the the H-OH receiver
(Thomas et al. 1990) and the fourth-generation Parkes dig-
ital filterbank system PDFB4. See Manchester et al. (2013)
for further details of the receiver and backend systems. For
the observations reported in this paper, the total bandwidth
was 256 MHz centred at 1369 MHz with 512 channels across
the band. The data which were sampled every 256 µs last
for 0.5 h and contain 14594 pulses.
The data were first reduced using the DSPSR pack-
age (van Straten & Bailes 2011) to de-disperse and produce
single-pulse integrations which preserve information on in-
dividual pulses. The pulsar’s rotational ephemeris was taken
from the ATNF Pulsar Catalogue V1.602 (Manchester et al.
2005). The single-pulse integrations were recorded using the
PSRFITS data format (Hotan et al. 2004) with 256 phase bins
per rotation period. Strong narrow-band radio-frequency
interference (RFI) and broad-band impulsive RFI in the
archive files were removed in affected frequency channels
and time sub-integrations, respectively. After RFI mitiga-
tion, the single-pulse integrations were processed using the
1 https://data.csiro.au
2 http://www.atnf.csiro.au/research/pulsar/psrcat/
PSRCHIVE pulsar data analysis system (Hotan et al. 2004).
The PSRSALSA package (Weltevrede 2016) which is freely
available online3, was used to carry out the analysis of
fluctuation spectra. Following Yan et al. (2011), we car-
ried out the flux density and polarization calibration for
later polarization analysis. The rotation measure (RM) value
(−155 rad m−2) was obtained from Qiao et al. (1995). Stokes
parameters were in accordance with the conventions outlined
by van Straten et al. (2010).
3 RESULTS
Single-pulse properties of PSR J1048−5832 have not been
published before. We present and discuss the single-pulse
properties for PSR J1048−5832 in this section.
3.1 Nulling or mode changing?
A pulse stack of 400 successive pulses is plotted in Fig. 1.
The pulse stack clearly shows periodic modulation for the
central and trailing components, while the modulation in
the leading component cannot be seen clearly. Pulse energy
variations for the same pulse sequence as in Fig. 1 are shown
in Fig. 2. The pulse energy distributions for the on-pulse and
off-pulse windows for all pulses are presented in Fig. 3. The
on-pulse energy was determined for each individual pulse by
summing the intensities of the pulse phase bins within the
on-pulse region. The on-pulse window was defined as the to-
tal longitude range of the integrated pulse profile over which
the pulse intensity significantly exceeds the baseline noise
(3σ). The off-pulse energy was calculated in the same way
using an off-pulse window of the same duration. In Fig. 3,
the off-pulse energy histogram shows a narrow Gaussian dis-
tribution peaked about zero, while the broader on-pulse en-
ergy distribution shows two Gaussian-like components cor-
responding to a weak mode and a strong mode.
Fig. 1 gives the impression that the periodic modulation
might be periodic nulling. However, Fig. 2 and 3 show that
the observed periodic modulation is rather different from
pulse nulling in two key aspects. Firstly, the pulse energy
effectively drops to zero in real null states, but the pulse
energy in Fig. 2 is often larger than zero even during the
apparent “null” states. Secondly, real nulls have a similar
energy distribution to the off-pulse noise. Hence, a nulling
pulsar tends to show a bimodal distribution in the on-pulse
energy histogram with two peaks, one at the zero energy
and the other at the mean pulse energy. Fig. 3 does show
a bimodal on-pulse energy distribution with two peaks, but
both peaks are obviously larger than zero. This implies that
the mean pulse energy in the apparent “null” states is larger
than zero which conflicts with real null pulses. The polariza-
tion analysis in subsection 3.4 shows that the central and
trailing components of the pulse profile switch between a sta-
ble strong mode and a stable weak mode periodically while
the leading component remains unaffected by the modula-
tion. This is very similar to mode changing. Therefore, in
this paper, we argue that the observed periodic modulation
3 https://github.com/weltevrede/psrsalsa
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Figure 1. A single-pulse stack of 400 successive pulses. The three
vertical dashed lines show the longitudes of the leading, central
and trailing pulse peaks of the mean pulse profile respectively.
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Figure 2. Pulse energy variations for the pulse sequence shown
in Fig. 1.
in PSR J1048−5832 is in fact periodic mode changing rather
than periodic pulse nulling.
3.2 Fluctuation spectra
Fig. 1 clearly shows an apparently periodic modulation for
the central and trailing components. To investigate the pe-
riodicity further, we plotted the longitude-resolved mod-
ulation index, the longitude-resolved fluctuation spectrum
(LRFS, Backer 1970) and the two-dimensional fluctuation
spectrum (2DFS, Edwards & Stappers 2002) in Fig. 4. The
longitude-resolved modulation index mi (points with error
bars in the top panel) is a measure of the amount of inten-
sity variability from pulse to pulse for each pulse longitude,
defined by
mi =
σi
µi
, (1)
where µi and σi are the average intensity and standard de-
viation at phase bin i respectively. The LRFS and 2DFS
are effective for analysing subpulse modulation. The LRFS
can be used to determine which pulse phase bins present
periodic subpulse modulation and with which periodicities,
while the 2DFS can be used to identify whether the subpulse
drifts in pulse longitude from pulse to pulse. The vertical
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Figure 3. Pulse energy distributions for the on-pulse (solid his-
togram) and off-pulse (dashed histogram) regions. The energies
are normalised by the mean on-pulse energy. The blue solid line
represents the fitting for the on-pulse energy distribution based on
the combination of two Gaussian components (red dotted lines).
The lower panel shows the fit residuals.
frequency axis of both the LRFS and 2DFS corresponds to
P1/P3, where P1 is the rotation period of the pulsar and
P3 represents the periodicity of intensity modulation that
can be seen in the single-pulse stack (Fig. 1). The horizon-
tal frequency axis of the 2DFS corresponds to P1/P2, where
P2 represents the characteristic horizontal time separation
between drifting bands. For more details regarding the tech-
niques of analysis, please refer to Weltevrede et al. (2006).
From Fig. 4, we can see that the leading component and
the saddle region between the central and trailing compo-
nents have the lowest modulation index. However, the av-
erage intensity is much higher for the saddle region. From
the definition of modulation index (Equation (1)), there is
just a very weak modulation for the leading component.
The side panel of the LRFS shows a clear spectral peak oc-
curring between 0.0571 and 0.0581 cycles per period (cpp).
This spectral feature corresponds to the characteristic P3
of 17.4 ± 0.2 P1 for the periodic modulation. In the LRFS,
the spectral feature is stronger in the central and trailing
components, implying that most of the periodic modulation
power is associated with these components. In addition to
the well-defined spectral feature, there are white noise com-
ponents which are clearly seen as two vertical darker bands
in the LRFS around the leading edge of the central com-
ponent and the peak of the trailing component respectively.
These indicate non-periodic stochastic fluctuations at these
pulse longitudes. The 2DFS is basically symmetric about the
vertical axis, so subpulses in successive pulses do not drift
on average to later or earlier pulse longitudes.
Furthermore, to make it clear whether there is any low
level periodic behavior in the leading component hidden by
the high signal to noise variations in the other two com-
ponents, we plotted the 2DFS only for the leading com-
ponent in Fig. 5. A red-noise-like component is strongest
below P1/P3 = 0.005 cpp, corresponding to fluctuation on
a timescale of 200 pulse periods and above. There is no
visible periodic feature in the leading component around
P3 ≃ 17.4P1.
MNRAS 000, 1–8 (2019)
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Figure 4. Fluctuation analysis for PSR J1048−5832. The mean
pulse profile (solid line) and longitude-resolved modulation index
(points with error bars) are shown in the top panel. The LRFS
with a side panel showing the horizontally integrated power is
given below this panel. The 2DFS with side panels showing hori-
zontally (left) and vertically (bottom) integrated power is plotted
below the LRFS.
3.3 Mode separation
To obtain the relative abundances of the strong and weak
modes, modeling of the on-pulse energy histogram was car-
ried out by fitting two Gaussian functions. We used the
curve_fit function of the scipy python module, which uses
non-linear least squares to fit a function to data, to fit the
sum of two Gaussian functions to the histogram and the pa-
rameters of the fitted Gaussians are listed in Table 1. The
results are presented in Fig. 3 which shows that the two
modes overlap with no clear boundary between them. Then
Figure 5. The 2DFS for the leading component. See Fig. 4 for
further details.
Table 1. Parameters of fitted Gaussian functions.
Mode Amplitude Mean Standard Deviation
Weak mode 634 0.38 0.33
Strong mode 391 1.47 0.71
the relative abundances of each mode can be simply obtained
by calculating the area under each Gaussian function. The
results show that this pulsar spends 43% in the weak mode
and 57% in the strong mode.
Separation of the strong and weak modes is required
for more detailed investigation. However, the above men-
tioned Gaussian fitting method cannot distinguish pulses in
the overlapped area of the two Gaussian functions. Follow-
ing Bhattacharyya et al. (2010), we identified the two modes
by comparing the on-pulse energy of individual pulses with
the system noise level. The uncertainty in the on-pulse en-
ergy σon is given by
√
Nonσoff , where Non is the number
of on-pulse phase bins, estimated from the mean pulse pro-
file, and σoff is the rms of the off-pulse region for individual
pulses. Pulses with on-pulse energy smaller than 3σon were
classified as weak-mode pulses and the others were classified
as strong-mode pulses. Fig. 6 shows the results of the state
separation for the same pulse energy sequence as Fig. 2.
By performing the state separation in this way for all data,
we found that 65% of the time for PSR J1048−5832 was in
the strong mode and 35% was in the weak mode. There are
some differences in values of the relative abundances of the
strong and weak modes obtained using two methods. This
is because neither method can completely separate the two
modes. In the absence of perfect mode separation, we ac-
knowledge that there is always a possibility of mode mixing
which may affect the conclusions in our subsequent analysis
for profile shape evolution, polarization, etc.
MNRAS 000, 1–8 (2019)
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Figure 6. The same pulse energy sequence as Fig. 2 (upper panel) with the corresponding identified strong/weak mode (lower panel).
In the upper panel, a red dot is the on-pulse energy of a given pulse and the green line represents the three times level of the uncertainty
in the pulse energy estimate for individual pulses (see text for details). Pulses for which pulse energy below the green line were tagged
as weak-mode pulses and pulses above the green line were tagged as strong-mode pulses.
3.4 Polarization
To compare the weak mode and the strong mode further,
we analysed the polarization properties for both modes. We
show mode-separated polarization profiles in Fig. 7, and
Table 2 gives a summary of the flux density and polar-
ization parameters for different modes. Columns (2) to (4)
give the peak flux density for the leading (Spk,leading), central
(Spk,central) and trailing (Spk,trailing) components respectively.
The next column gives the mean flux density S. Pulse width
at 50 per cent of the peak flux density W50 is given next.
The next three columns give the fractional linear polariza-
tion 〈L〉/S, the fractional net circular polarization 〈V〉/S and
the fractional absolute circular polarization 〈|V |〉/S, where 〈〉
means an average across the pulse profile. Polarization prop-
erties of each profile component in different modes are given
in Table 3. We defined the outer boundaries of the leading
and trailing components as the first point and the last point
where the pulse intensity significantly exceeds the baseline
noise (3σ) respectively, while the inner boundaries were de-
fined as the points of minimal intensity between adjacent
components. The width of a given component was measured
as the longitude range between its two boundaries. The sec-
ond column φpk in each mode in Table 3 represents the lon-
gitudinal position of component peaks.
In Fig. 7, the polarization profile for the average pro-
file in the left panel is in good agreement with previously
published results (Rookyard et al. 2015; Johnston & Kerr
2018). The pulse profile has multiple overlapping features.
The leading and the central parts of the profile have very
high fractional linear polarization, whereas the trailing part
of the profile is essentially unpolarized. Except for the cen-
tral component, circular polarization is quite weak. The po-
sition angle (PA) swing is S-shaped through the profile and
relatively shallow in the leading and trailing components.
This means that neither the leading component nor the trail-
ing component can be core emission. Based on a rotating vec-
tor model (RVM, Radhakrishnan & Cooke 1969) fit to the
PA variations and other constraints, Rookyard et al. (2015)
gave an estimate of the impact parameter (the closest ap-
proach of the line of sight to the magnetic axis) 0◦ < β < 7.◦5
and suggested that magnetic axis was relatively aligned with
the rotation axis, with an inclination angle α < 50◦. With the
constraints on α and β reported by Rookyard et al. (2015),
we carried out an RVM fit to the PA swing for the aver-
age profile using the ppolFit program of PSRSALSA. The
S-shaped solid curve in the top left panel in Fig. 7 shows
the best fit to the PA with α = 4.◦1 and β = 0.◦7. The best
fit has a reduced χ2 = 5.4 . The impact parameter β is
quite small implying that the central component is proba-
bly the core component. The strong mode has very similar
polarization properties, which just shows stronger central
and trailing components. However, the weak mode shows a
very different polarization profile. The leading component is
the weakest in the strong mode whereas the trailing compo-
nent is the weakest in the weak mode. The central compo-
MNRAS 000, 1–8 (2019)
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nent in the weak mode is also relatively weak. The central
component remains nearly 100 per cent linearly polarized in
different modes. The trailing component is essentially unpo-
larized in the strong mode, while it becomes 100 per cent
linearly polarized in the weak mode. The fractional circu-
lar polarization in the weak mode is relatively high with a
sense reversal between the leading and central components.
Both the PA swing and the overall pulse width are identi-
cal for the two modes and such behavior has also been seen
in PSRs J1822−2256 (Basu & Mitra 2018) and J2006−0807
(Basu et al. 2019b), which suggests that the emission of the
two modes comes from the same general emission region.
Additionally, we compare total intensity of the two modes
in Fig. 8. This figure clearly shows that the total intensity of
the leading component remains unchanged in the two modes.
That is, the main difference between the two modes lies in
the central and trailing components. This implies that the
observed periodic mode changing arises from variations in
the central and trailing components while the leading com-
ponent is not affected by the mode changing.
4 DISCUSSION
More and more periodic amplitude fluctuation phenomena
have been observed in radio pulsar emission. Basu et al.
(2016) carried out a detailed fluctuation spectral analysis
for 123 pulsars that were observed at 333 and/or 618 MHz
by the GMRT telescope. They revealed periodic features in
57 pulsars, including 29 pulsars where the periodic features
show no phase variation but periodic amplitude fluctua-
tion. They discovered the dependence of the drifting phe-
nomenon on the spin-down luminosity ÛE. In those 57 pul-
sars, subpulse drifting is only seen in pulsars with ÛE <
5×1032 erg s−1 and the drifting periodicity P3 is anticorre-
lated with ÛE, whereas other pulsars with ÛE > 5×1032 erg s−1
all showed phase-stationary non-drift amplitude modula-
tion. Basu et al. (2019a) verified this dependence using a
larger sample of drifting measurements. PSR J1048−5832
has an ÛE = 2×1036 erg s−1 (Wang et al. 2000), and thus lies
in the non-drift amplitude modulation group.
Based on empirical classification for the pulse profiles
of radio pulsars, Rankin (1983, 1990, 1993) suggested a
core/cone model for the radio emission beam. In this model,
the emission beam consists of multiple nested cones around
a central core component. Different numbers of pulse com-
ponents result from different line of sight (LOS) trajectories
across the beam. Basu et al. (2016) found that the periodic
non-drift amplitude modulation was usually found in pul-
sars with core components. By analysing phase variations
corresponding to the drifting features, Basu et al. (2019a)
proposed a classification scheme for the phenomenon of sub-
pulse drifting, and they argued that the drifting classifica-
tion was associated with the profile types and LOS geometry.
The periodic non-drift amplitude modulation corresponds to
an LOS close to the beam center that sweeps across both
the core and the cone regions. In this case, pulsars show the
presence of a central core component in their profiles where
the drifting is absent, while the conal components show rel-
atively smaller phase variations. However, PSR J1048−5832
does not match the pattern. Polarization profiles suggest
that the leading and trailing components may be conal com-
ponents (see Fig. 7) and the small impact parameter implies
that the central component is probably the core component.
But the fluctuation spectra shown in Fig. 4 show that the
central component and the trailing conal component exhibit
strong periodic modulation, while the leading conal compo-
nent is unmodulated, which is not consistent with the simple
LOS geometry model of Basu et al. (2019a).
Periodic nulling has been reported in some pulsars
(Herfindal & Rankin 2007, 2009; Rankin & Wright 2008;
Rankin et al. 2013; Gajjar et al. 2014, 2017; Basu et al.
2017; Basu & Mitra 2018; Basu et al. 2019b; Basu & Mitra
2019). Observed periodicities in the amplitude modulation
of some components of some pulsars are very similar to pe-
riodic nulling, and therefore Basu et al. (2017) suggested
that they have a common origin. This supports the argu-
ment of Wang et al. (2007) that nulling and mode chang-
ing are different manifestations of the same phenomenon.
Here we therefore suggest that periodic nulling is the ex-
treme form of periodic mode changing and that the two
phenomena are just different categories of the same physical
phenomenon. Some investigators argue that periodic nulling
can be explained by the rotating subbeam carousel model
(Herfindal & Rankin 2007), in which the evenly spaced conal
subbeams rotate around a central core component. Empty
LOS cuts or extinguished subbeams can repeat after cer-
tain spin periods of the pulsar, thus giving rise to periodic
nulling. However, Basu et al. (2017) found that the miss-
ing LOS model did not adequately explain the periodic
nulling observed in pulsars with core components. Addition-
ally, (Gajjar et al. 2017) found that the missing LOS model
is probably not applicable to the quasi-periodic changes be-
tween the null and burst states seen in PSR J1741−0840.
For the periodic amplitude modulation of PSR J1048−5832
reported in this paper, the probable central core component
and the trailing conal component switch between a strong
mode and a weak mode periodically. The weak mode shows
relatively weak emission, but not complete nulls. This does
not fit very well with the missing LOS model. Furthermore,
the leading conal component is not modulated, which can-
not be explained with the rotating subbeam carousel model.
The polarization difference of the trailing component in dif-
ferent modes is also not readily explained with the carousel
model.
Mitra & Rankin (2017) reported a similar periodic non-
drift modulation in PSR B1946+35, in which the highly peri-
odic amplitude modulation was seen in the core component.
This could also not be explained using the carousel model
and was considered as an entirely new phenomenon. In a re-
cent work by Basu & Mitra (2019), the periodic amplitude
modulation has also been seen in the core single pulsar PSR
J0826+2637. A periodic phase-stationary intensity modula-
tion occurring in the interpulse and the main pulse was ob-
served in PSR J1825−0935 (Fowler & Wright 1982; Gil et al.
1994; Backus et al. 2010; Latham et al. 2012; Hermsen et al.
2017; Yan et al. 2019). Similar to PSR J1048−5832, the main
pulse of PSR J1825−0935 is partially modulated with an
unmodulated trailing component. The periodic amplitude
modulation in PSRs J1048−58321, B1946+35, J0826+2637
and J1825−0935 is probably regular switching between two
emission states, i.e., mode changing. We argue that this am-
plitude modulation is periodic mode changing which results
from similarly periodic fluctuations in the magnetospheric
MNRAS 000, 1–8 (2019)
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Figure 7. Polarization profiles for the average of all pulses (left), the strong-mode pulses (middle), and the weak-mode pulses (right).
The lower panels show the pulse profiles for total intensity (black line), linearly polarized intensity (red line), and circularly polarized
intensity (blue line). The upper panels give the position angles of the linearly polarized emission. The three vertical lines show the
longitudes of the leading, central and trailing pulse peaks of the mean pulse profile for all pulses respectively. The S-shaped solid line in
the top left panel represents the best fit of the PA swing.
Table 2. Flux density and polarization parameters for the strong and weak modes.
Mode Spk, leading Spk,central Spk, trailing S W50 〈L〉/S 〈V 〉/S 〈 |V | 〉/S
(mJy) (mJy) (mJy) (mJy) (◦) (%) (%) (%)
Average 66 253 145 10.1 14.9 74.6 6.2 7.2
Strong mode 67 348 211 16.1 15.1 69.3 5.8 6.7
Weak mode 66 79 25 3.9 10.4 95.6 2.0 10.8
Table 3. Polarization parameters of each pulse profile component for the strong and weak modes.
Component Strong mode Weak mode
Width φpk 〈L〉/S 〈V 〉/S 〈 |V | 〉/S Width φpk 〈L〉/S 〈V 〉/S 〈 |V | 〉/S
(◦) (◦) (%) (%) (%) (◦) (◦) (%) (%) (%)
Leading component 9.9 172.2 91.9 −2.0 3.3 11.3 172.2 92.3 −9.7 9.7
Central component 12.7 179.3 91.8 9.1 9.1 8.5 177.9 100.0 8.3 9.0
Trailing component 14.1 189.2 24.2 1.7 3.1 16.9 186.4 90.0 9.0 17.9
field currents that are not directly related to subpulse drift-
ing.
5 CONCLUSIONS
We report here a periodic phase-stationary non-drift am-
plitude modulation observed in PSR J1048−5832 using the
Parkes 64-m radio telescope. As argued above, the amplitude
modulation cannot be reconciled with the subpulse drifting
phenomenon in any existing geometrical context. It seems
to require emission-state changing in the magnetospheric
field currents with the same periodicity. This is similar to
the mode changing phenomenon, though the time-scale of
mode changing is usually longer. Therefore we suggest the
periodic amplitude modulation in PSR J1048−5832 is peri-
odic mode changing. Discovering and observing more sam-
ples with this amplitude modulation using large radio tele-
scopes such as FAST will throw more light on the nature of
this phenomenon.
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